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Summary

BACKGROUND AND AIMS: The soluble form of suppres-
sion of tumourigenicity 2 (sST2), a recently introduced bio-
marker, is a strong and NTproBNP-independent predictor
of outcome in heart failure patients. This study sought to
evaluate the added clinical value of sST2 in addition to
NTproBNP in a heterogeneous cardiac outpatient popula-
tion.

METHODS: A total of 297 all-comer patients visiting the
outpatient clinic of Heart Clinic Zurich, Switzerland, from
January to December 2018 were included. Patients were
divided into four groups depending on their sST2 and NT-
proBNP levels: group 1 (n = 91, 30.6% of all patients)
with normal levels of both biomarkers, group 2 (n = 41,
13.8%) with isolated elevation of sST2 but normal NT-
proBNP, group 3 (n = 97, 32.7%) with elevated NTproBNP
but normal sST2 levels, and group 4 (n = 68, 22.9%) with
elevation of both biomarkers. Differences between groups,
Spearman’s correlations and linear and multiple regres-
sion analysis for sST2 were calculated.

RESULTS: The median age was 74 + 19 years and 41.8%
were women. NTproBNP levels continuously increased
across the groups (medians in pg/ml: group 1 123.0, group
2 152.0, group 3 990.0 and group 4 2610.0), whereas
sST2 levels did not (medians in ng/ml: 28.7, 58.9, 28.4
and 63.7 for groups 1 to 4, respectively). In patients with
normal NTproBNP (groups 1 and 2), elevation of sST2
(group 2) was associated with significantly higher rates
of coronary artery disease, peripheral vascular disease
and renal dysfunction. In patients with elevated NTproBNP
(groups 3 and 4), the additional elevation of sST2 (group
4) was associated with clinical signs of heart failure, higher
EuroScore Il and worse left ventricular ejection fraction
(LVEF group 3 58.0% vs group 4 53.3%, p = 0.022). Cor-
relation of sST2 was overall weak and weaker than of NT-
proBNP with most clinical variables. Soluble ST2 signif-
icantly correlated with EuroScore Il (R = 0.280), kidney
function (R = -0.259), C-reactive protein (R = 0.248), right

ventricular function (R = 0.213) and left atrial volume (R
=0.199), all p 0.001. In multiple regression analysis, left
atrial volume was the strongest independent predictor of
sST2 elevation (p = 0.002).

CONCLUSION: In this all-comer cardiology population,
the added clinical value of sST2 measurements in addition
to NTproBNP was small. In patients with elevated NTproB-
NP, the simultaneous elevation of sST2 was associated
with clinical signs of heart failure. Soluble ST2 measure-
ments could thus be beneficial in patients with uncertain
signs of heart failure and confounding factors for NTproB-
NP elevation. Surprisingly, this study found elevated sST2
levels in a substantial number of a patients with normal
NTproBNP levels, pointing to an additional pathway of
sST2 elevation independent of heart failure.

Keywords: Soluble ST2, NTproBNP, cardiac biomarkers,
heart failure

ABBREVIATIONS

BNP Brain/b-type natriuretic peptide

HFmrEF heart failure with mid-range ejection fraction (40-49%),
heart failure symptoms, pathological NTproBNP, dias-

tolic dysfunction

HFpEF heart failure with preserved ejection fraction (250%),
heart failure symptoms, pathological NTproBNP, dias-
tolic dysfunction

HFrEF heart failure with reduced ejection fraction (<40%), heart
failure symptoms

LAVi left atrial volume index

LVEF left ventricular ejection fraction

MAP mean arterial pressure = (2/3)*BP(diast) + (1/
3)*BP(syst)

NTproBNP/NTpBNP N-terminal pro-brain natriuretic peptide

sST2 soluble ST2

ST2 suppression of tumourigenicity 2
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Introduction

Biomarkers form an essential pillar in the detection, man-
agement and prognosis of cardiac disease. The natriuretic
peptide BNP and its cleavage product N-terminal pro-brain
natriuretic peptide (NTproBNP), representing myocardial
wall stretch and therefore the presence of cardiac stress,
help in the differential diagnosis of dyspnoeic patients in
the emergency room [1]. Apart from this acute setting, na-
triuretic peptides have become a standard follow-up para-
meter in patients with chronic cardiac disease. They corre-
late with the disease’s clinical presentation (e.g., New York
Heart Association dyspnoea scale) [2], respond to efficient
treatment and have prognostic power in various cardiac
diseases [3, 4]. However, natriuretic peptides have their
limitations. BNP and NTproBNP are strongly dependent
on a patient’s age and comorbidities such as renal dysfunc-
tion and atrial fibrillation [5—8]. This renders their interpre-
tation in elderly, multimorbid patients difficult.

The newly introduced cardiac biomarker soluble ST2 (sup-
pression of tumourigenicity 2) has been identified as less
dependent on previously named cofactors [9].

ST2 is a transmembrane receptor in cardiac myocytes and
fibroblasts and binds interleukin-33. Interleukin-33 is se-
creted by cardiac fibroblasts and myocytes in response
to cyclic biomechanical strain, cell damage, inflammation
and a number of still-to-be identified stimuli [10]. The
binding of interleukin-33 to the transmembrane ST2 recep-
tor activates cardioprotective pathways that suppress ad-
verse cardiac remodelling, such as hypertrophy and fibro-
sis [11]. The soluble form of ST2 (sST2), which is secreted
by the same cells and in response to the same triggers as
interleukin-33, competes with the transmembrane receptor
form for binding with interleukin-33, inducing adverse car-
diac remodelling [12]. Elevated sST2 levels are associated
with various diseases causing cardiac fibrosis and remod-
elling, and the experimental injection of sST2 in animal
models results in phenotypes with myocardial hypertrophy,
ventricular dilatation and reduced cardiomyocyte contrac-
tility [13].

Soluble ST2 has been proven a powerful predictor of re-
hospitalisation and death in hospitalised patients with acute
or chronic heart failure (both with reduced [14-18] and
preserved ejection fraction [19]). Established ways of us-
ing sST2 in clinical practice are: (1) in acute decompen-
sated heart failure: monitoring sST2 levels during hospital-
isation. Patients with persistently high levels at discharge
are at risk for early rehospitalisation. (2) In ambulatory
heart failure clinics: measuring sST2 levels before and af-
ter treatment. Effective therapy is said to decrease sST2
values [10].

The presentation of sST2 in an outpatient all-comer setting
and its additional value and relationship with the gold stan-
dard cardiac biomarker NTproBNP has been less explored
in the past. The goal of this study was to observe the be-
haviour of sST2 in relation to cardiac function, sympto-
matology and comorbidities, and to better understand its
added value when routinely measured in combination with
NTproBNP in a heterogeneous outpatient population.

Cardiovasc Med. 2021;24:w10045

Methods

Study population

We performed a single-centre, cross sectional observation-
al study of a heterogeneous all-comer group of patients
visiting the outpatient clinic of Heart Clinic Hirslanden,
Zurich, Switzerland from January to December 2018. All
patients agreeing to the written general consent form, older
than 18 years and with an indication for measuring cardiac
biomarkers were included. Patient visits were scheduled
for screening, initial, follow-up or emergency consulta-
tions for heart disease. Clinical information, laboratory
variables and echocardiographic data were gathered from
medical charts. Gender was determined according to the
participant’s statement. Echocardiographic examinations
were performed according to current guidelines [20]. Eu-
roScore II mortality risk was calculated for the same hypo-
thetical cardiac surgery in all participants, namely an elec-
tive isolated coronary artery bypass graft without surgery
on the thoracic aorta. Heart failure was classified into heart
failure with reduced, mid-range and preserved ejection
fraction according to the European Society of Cardiology
guidelines for the diagnosis and treatment of acute and
chronic heart failure [21]. The protocol of this study was
approved by the cantonal ethics comity of Zurich (Kan-
tonale Ethikkommission Ziirich, BASEC-Nr. 2018-00749)
and complies with the Declaration of Helsinki.

Biomarkers

Blood samples for measurement of sST2 and NTproBNP
were collected from every participant at the time of consul-
tation. Plasma NTproBNP was measured using a sandwich
immunoassay (proBNP II; Roche Diagnostics, Rotkreuz)
with a reporting-range of 25-35,000 pg/ml and a coeffi-
cient of variation <5% across the assay range. sST2 was
measured by a bedside rapid lateral flow immunoassay
(Aspect-PLUS; Critical Diagnostics) with a reporting
range of 12.5-257 ng/ml and a coefficient of variation of
<10.4% across the assay range [22].

For both NTproBNP and sST2, age- and gender-adjusted
upper limits of normal and hence cut-off values were used.
This is considered standard in the interpretation of na-
triuretic peptides. For sST2 a cut-off value of 35 ng/ml
has been postulated in previous investigations focusing on
the biomarker’s prognostic significance [19, 23]. However,
previous studies have shown that sST2 levels also signif-
icantly depend on age and gender [24]. Therefore, for the
purpose of this study, the age- and gender-adjusted 97.5th
percentiles of sST2 as measured in a normal population,
ranging from 33.2 to 47.6 ng/ml, were used as our upper
limit of normal and hence cut-off values for sST2 (table 1)
[24, 25].

Statistics

Continuous data are expressed as mean + standard devia-
tion when normally distributed and as median + interquar-
tile range if not normally distributed. Categorical data are
given as absolute numbers and percentages (%). If the
number of values studied for a certain variable greatly dif-
fered from the total number of participants, additional in-
formation on numbers included is provided.
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Participants were divided into four groups according to
their biomarker-status, hence the con- or discordancy of
sST2 and NTproBNP: group 1 with both biomarkers in
physiological ranges below a participant’s individual upper
limit of normal, group 2 with normal NTproBNP, but
pathological sST2 levels, group 3 with pathological NT-
proBNP, but normal sST2 and group 4 with pathological
values for both biomarkers. For comparison between
groups, Kruskal-Wallis, Mann-Whitney, chi-square or
analysis of variance (ANOVA) tests were performed ac-
cordingly. Spearman correlation coefficients were used to
describe linear correlations between sST2 and different
variables. Linear and multiple regression coefficients were
calculated to represent the linear regression of different
variables to sST2 values. The level of significance was set
at a p-value of <0.05. All statistical analyses were per-
formed using SPSS® software (version 25.0, SPSS Inc.,
Chicago, Illinois).

Results

A total of 297 patients were included in the study. The
median age was 74 + 19 years and 41.8% were women.
Overall, 89% of patients had known cardiac disease prior
to study involvement, leaving 11% of patients undergoing
screening or an initial consultation for heart disease. The
median values of sST2 and NTproBNP of the whole pop-
ulation were 35.3 + 32.2 ng/ml and 502 + 1525 pg/ml, re-
spectively. NTproBNP and sST2 levels were pathological
in 55.6% and 36.7% of patients, respectively; 46.5% of pa-
tients demonstrated discordant values (one of the biomark-
ers being in normal and the other in pathological ranges),
which are represented in groups 2 and 3. Of interest, 13.8%
of patients had normal NTproBNP levels in the presence of
elevated sST2 levels (group 2).

Figure 1 demonstrates median sST2 and NTproBNP values
according to the biomarker groups, highlighting the discor-
dant pattern of the two biomarkers among the four groups.
Clinical (table 2) as well as laboratory and echocardio-
graphic (table 3) findings demonstrate the following main
between-group differences:

— In patients with normal NTproBNP levels (groups 1 and
2), those with additional sST2 elevation (group 2)
showed significantly higher rates of coronary artery dis-
ease (41.5% vs 22%, p = 0.021), peripheral vascular
disease (17.1% vs 3.3%, p = 0.006), advanced renal
dysfunction (chronic kidney disease stage I1I/IV; 20.5%

Table 1: Reference limits for sST2 levels (in ng/ml) according to age and sex.

vs 10.3%, p = 0.027) as well as higher EuroScore 11
mortality risks (1.9% vs 1%, p = 0.005).

— In patients with elevated NTproBNP (groups 3 and 4),
patients with additional elevation of sST2 (group 4) had
more clinical signs of decompensated heart failure,
higher EuroScore II mortality risk (1.8% and 3.1%, p =
0.021) and more often suffered from diabetes and can-
cer. However, there was no statistically significant dif-
ference in the percentage of participants with heart fail-
ure with reduced, mid-range or preserved ejection
fraction in the two groups.

— Despite the statistically significant difference in the
sST2 levels of the two groups with pathological sST2
(group 2 58.9 £ 21.6 ng/ml, group 4 63.7 £+ 30.3 ng/ml,
p = 0.034), these values were rather similar in absolute
terms considering the much sicker patient population in
group 4. Compared with group 2, participants in group
4 showed more clinical signs of decompensated heart
failure, significantly higher rates of heart failure with
reduced and preserved ejection fraction, and the preva-
lence of coronary artery disease, valvular heart disease
and diabetes was significantly higher. Also, group 4
participants had suffered more prior heart surgery, had
a significantly higher EuroScore II mortality risk and
showed worse cardiac function on echocardiography. In
addition, group 4 showed a higher frequency of atrial
fibrillation and worse renal function.

— Comparison of the two discordant biomarker groups 2
(isolated elevation of sST2) and 3 (isolated elevation of
NTproBNP) showed that participants in group 3 more
often suffered from heart disease (i.e., atrial fibrillation
(14.6% vs 50.5%, p = 0.000) and valvular heart disease
(22.5% vs 42.3%, p = 0.029)), had undergone more car-
diac interventions (cardiac device implantation (4.9%
vs 18.6%, p = 0.037), prior structural heart intervention
(14.6% vs 34.0%, p = 0.021)) and showed significantly
worse left ventricular function (left ventricular ejection
fraction 63.0 + 8.0% vs 58.0 £ 20.0%, p = 0.005, left
ventricular diastolic dysfunction 30.3% vs 81.6%, p
<0.001) and larger left atrial volumes (LAVi 33.5+13.8
ml/m? vs 49.2 £ 21 ml/m?, p <0.001) than patients with
isolated increased sST2 levels. Additionally, the rate of
participants with HFrEF and HFpEF was significantly
higher in group 3 compared with group 2 (0% vs 13.6%,
p =0.015, and 0% vs 28.3%, p = 0.001, respectively).

The linear correlation of sST2 with cofactors was less
wide and less strong compared with NTproBNP (table

Age group, years Men, percentile Women, percentile

2.5th 50th 97.5th 99th 2.5th 50th 97.5th 99th
Empirical reference limits
35-44 10.6 22.9 47.6 49.3 10.4 171 33.2 45.9
45-54 1.5 223 43.7 64.4 9.8 17.7 30.7 36.7
55-64 124 227 43.3 46.4 9.9 17.5 34.3 39.3
65-74 13.2 245 45.2 54.7 9.3 19.2 45.1 53.0
Quantile regression reference limits
35-44 10.3 213 46.5 46.7 10.2 16.6 294 29.5
45-54 1.2 22.0 45.8 48.7 10.0 17.2 31.2 34.0
55-64 12.1 22.8 45.2 50.8 9.8 17.8 33.2 39.3
65-74 131 23.6 44.6 53.0 9.6 18.5 35.3 45.3

Values used as upper limits of normal in this study are bold. (Adapted from Biaggi et al. Soluble ST2 — a new biomarker in heart failure. Cardiovasc Med. 2019;22:w02008 [25].)
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4) and generally weak: all variables except for creatinine
showed R coefficients <0.3. In linear regression analyses,
the strongest dependency of sST2 was found with Eu-
roScore II mortality risk. Renal function and left atrial vol-
ume were identified as significant predicators of sST2 as
well. However, R square was low for all tested indepen-
dent variables, representing a weak predictive accuracy of
said variables for sST2. In multiple regression analysis,
left atrial volume was the strongest independent predic-
tor of sST2 elevation, while glomerular filtration rate was
non-significant as an independent predictor of sST2 (Table
5). However, glomerular filtration rate turned out to be a
significant independent predictor of sST2 when compared
with the two variables Euro Score II and LAVi in multi-
ple regression analysis (R =—0.275; 95% confidence inter-
val [CI] —0.483, —0.067; p = 0.010), although NTproBNP
showed decisively stronger dependency on renal function
(R = —63.430; 95% CI —90.554, 36.307; p <0.001) than
sST2.

Discussion

Soluble ST2 has been proven to be a useful biomarker in
the prognosis and monitoring of acute and chronic heart
failure patients, but its use in daily practice is less well
studied. In this cross-sectional cohort we studied sST2 lev-
els in comparison with NTproBNP in a heterogeneous out-
patient all-comer population. We have two main findings.
Firstly, in patients with elevated natriuretic peptides, ele-
vation of sST2 was associated with clinical signs of de-
compensated heart failure. Secondly, sST2 was elevated in
a high percentage of study participants with physiological
NTproBNP levels, implying a separate pathway of sST2
secretion.

Cardiovasc Med. 2021;24:w10045

The first finding might indicate a potential added value
of measuring sST2 in addition to NTproBNP in clinical
practice. Soluble ST2 serves as a strong prognostic and
monitoring tool in acute and chronic heart failure [16—18].
However, the diagnostic value of sST2 in heart failure has
been described as inferior to that of natriuretic peptides and
therefore sST2 has not been promoted as a diagnostic bio-
marker [14]. In our study, elevation of both NTproBNP
and sST2 as opposed to isolated elevation of NTproBNP
was associated with higher EuroScore II mortality risk
as well as more frequent clinical signs of decompensated
heart failure. Therefore, in patients with elevated NTproB-
NP and ambiguous signs of decompensated heart failure,
additional measurement of sST2 may help identify those
with decompensated heart failure and thus stratifying indi-
vidual risk and prognosis. This may be particularly impor-
tant in patients suffering from impaired renal function or
atrial fibrillation, comorbidities strongly influencing NT-
proBNP levels [6, 8, 9]. Of importance, sST2 levels in the
sickest population (group 4) were similar to those of group
2 (healthier participants without heart failure), underlining
the limited diagnostic power of sST2 when used indepen-
dently from NTproBNP.

The second main finding was the fairly high percentage of
participants showing isolated sST2 elevation, raising the
question of the meaning of elevated sST2 in the absence of
acute or chronic heart failure. Based on the results of this
study, several assumptions regarding the pathway of sST2
can be made. Firstly, sST2 may represent vascular disease
in addition to heart failure [26-28], as the presence of vas-
cular disease was the main difference between groups 1
and 2. If a relevant part of kidney disease is assumed to be
of vascular origin, this might also explain the lower kidney
function of group 2 compared with patients of group 1. Of
note, we and others [29] could show that glomerular filtra-

Figure 1: Median levels of sST2 and NTproBNP in the four biomarker groups and their discordance. Group 1 = both biomarkers normal, group
2 =isolated sST2 elevation, group 3 = isolated NTproBNP elevation, group 4 = both biomarkers pathological.
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tion rate itself is a weak (but significant) independent pre-
dictor of sST2. The interplay of atherosclerosis, renal func-
tion and sST2 levels merits more thorough exploration in
the future. Secondly, elevation of sST2 was reported in pa-
tients with various clinical conditions such as diabetes, ac-
tive cancer and unspecific elevation of C-reactive protein,
supporting an assumption that chronic inflammation might
be an important pathway of sST2 elevation [24, 30-32].
Thirdly, previous studies have come to the conclusion that
the sST2 pathway is induced by mechanical strain in car-
diac fibroblasts and myocytes [13]. Our results support this

Table 2: Comparison of clinical variables and patient history in the four biomarker groups.

finding, as left atrial volume was the strongest independent
predictor of elevated sST2. We conclude that there must be
several and not fully understood pathways of sST2 genera-
tion, and further studies are necessary to analyse what ele-
vated sST2 levels truly stand for.

Finally, we would like to address the subject of the cut-
off level for sST2. In this study we used the age- and gen-
der-adjusted 97th percentile as sST2’s upper limit of nor-
mal [24]. Most chronic heart failures studies postulated an
sST2 cut-off value of around 35 ng/ml to predict worse
prognoses in heart failure patients [33, 34]. However, for

Variable Group 1 Group 2 p-value Group 3 Group 4 p-value p-value Gr. 2-4
Normal sST2, Pathol. sST2, Gr.1-2 Normal sST2, Pathol. sST2, Gr.3-4
Normal NT-pBNP | Normal NT-pBNP Pathol. NT-pBNP Pathol. NT-pBNP
(n=91) (n=41) (n=97) (n=68)
Clinical assessment
Age (years) 68 (+22) 67 (x20) 0.350 75 (£16) 78 (£17) 0.158 0.011
Gender (female) 42 (46.2%) 13 (31.7%) 0.119 46 (47.4%) 23 (33.8%) 0.081 0.066
BMI (kg/m?) 24.9 (16.3) 24.8 (£9.2) 0.731 25.9 (16.3) 24.95 (¢5.1) 0.565 0.743
MAP (mm Hg) 95 (+17.5) 95 (£17.8) 0.606 94.7 (£18.1) 93 (£17) 0.301 0.592
HR (1/min) 66 (+11) 66 (x14) 0.683 70 (£17) 76 (+28) 0.002 <0.001
Positive HJR (n = 112) 0 (0%) 0 (0%) N/A 10 (27.8%) 17 (51.5%) 0.044 <0.001
Leg oedema (n = 190) 4 (6.8%) 4 (15.4%) 0.211 11 (18.6%) 22 (47.8%) 0.001 <0.001
Pulmonary rattling sounds (n = 123) 0 (0%) 2(10.5%) 0.037 4 (12.1%) 13 (41.9%) 0.007 <0.001
Orthopnoea (n = 120) 1(2.8%) 1(3.8%) 0.814 6 (16.7%) 4 (18.2%) 0.882 0.255
NYHA | 47 (54.7%) 22 (55%) 0.256 31(32.6%) 19 (28.8%) 0.496 0.034
NYHA Il 30 (34.9%) 10 (25%) 0.256 44 (46.3%) 26 (39.4%) 0.496 0.034
NYHA I 9 (10.5%) 7 (17.5%) 0.256 19 (20%) 20 (30.3%) 0.496 0.034
NYHA IV 0 (0%) 1(2.5%) 0.256 1(1.1%) 1(1.5%) 0.496 0.034
NYHA 2IlI 9 (10.5%) 8 (20%) 0.145 20 (21.1%) 21 (31.8%) 0.123 0.024
Chest pain (n = 212) 24 (31.6% 14 (38.9%) 0.445 11 (19.6%) 3 (8.8%) 0.170 0.015
History
EuroScore Il (%) 1.0 (£0.8) 1.9 (2.0) 0.005 1.8 (£2.1) 3.1 (+3.6) 0.021 0.003
Heart disease present 71 (78%) 36(87.8%) 0.184 94 (96.9%) 64 (94.1%) 0.382 0.334
HFrEF” 0 (0%) 0 (0%) N/A 12 (13.6%) 15 (24.6%) 0.088 <0.001
HFmrEFT 0 (0%) 0 (0%) N/A 2 (4.3%, n = 46) 2 (5.7%, n = 35) 0.779 0.237
HFpEF* 0 (0%) 0 (0%) N/A 13 (28.3%, n = 46) 9 (25.7%, n = 35) 0.799 0.005
Any disease present 80 (87.9%) 36 (87.8%) 0.986 96 (99%) 68 (100%) 0.401 0.024
Prior heart surgery 10 (11%) 9 (22%) 0.097 24 (24.7%) 23 (33.8%) 0.203 0.028
Prior SHD intervention 12 (13.2%) 6 (14.6%) 0.823 33 (34%) 23 (33. 8%) 0.979 0.071
> moderate valvular HD 24 (26.7%) 9 (22.5%) 0.614 41 (42.3%) 36 (53.7%) 0.148 0.003
Hypertension 41 (45.1%) 21 (51.2%) 0.511 60 (61.9%) 41 (60.3%) 0.839 0.569
Atrial fibrillation 10 (11%) 6 (14.6%) 0.553 49 (50.5%) 41 (60.3%) 0.214 <0.001
Coronary artery disease 20 (22%) 17 (41.5%) 0.021 35 (36.1%) 34 (50%) 0.074 0.007
Prior myocardial infarction 10 (11%) 6 (14.6%) 0.553 12 (12.4%) 10 (14.7%) 0.664 0.760
Prior PCI 14 (15.4%) 13 (31.7%) 0.031 26 (26.8%) 21 (30.9%) 0.568 0.162
Cardiac electronic devices 3(3.3%) 2 (4.9%) 0.660 18 (18.6%) 19 (27.9%) 0.155 0.001
Cardiomyopathy 6 (6.6%) 2 (4.9%) 0.702 11 (11.3%) 10 (14.7%) 0.523 0.212
Diabetes mellitus 12 (13.2%) 5 (12.2%) 0.875 11 (11.3%) 18 (26.5%) 0.012 0.017
COPD GOLD 21l 1(1.1%) 0 (0%) 0.500 2(2.1%) 1(1.5%) 0.780 0.721
Liver cirrhosis 0 (0%) 0 (0%) N/A 0 (0%) 2 (2.9%) 0.089 0.034
Prior stroke/TIA 2 (2.2%) 3(7.3%) 0.154 12 (12.4%) 6 (8.8%) 0.472 0.930
PVD 3 (3.3%) 7 (17.1%) 0.006 10 (10.3%) 4 (5.9%) 0.315 0.072
Active cancer 3(3.3%) 2 (4.9%) 0.660 2 (2.1%) 10 (14.7%) 0.002 0.001
Past cancer 9 (9.9%) 2 (4.9%) 0.335 16 (16.5%) 8 (11.8%) 0.396 0.317
Prior radiotherapy 4 (4.4%) 1(2.4%) 0.586 7 (7.2%) 3 (4.4%) 0.457 0.640
Prior chemotherapy 3 (3.3%) 1(2.4%) 0.790 6 (6.2%) 3 (4.4%) 0.621 0.801
On any CHF medication 48 (52.7%) 25 (61%) 0.379 82 (84.5%) 57 (83.8%) 0.902 0.020

BMI = body mass index; CHF = chronic heart failure; COPD = chronic obstructive pulmonary disease; EF = ejection fraction; HD = heart disease; HF = heart failure; HIR =
hepatojugular reflux; HR = heart rate; MAP = mean arterial pressure; NYHA = new York heart Association; PCI = percutaneous coronary intervention; PVD = peripheral vascular
disease; SHD = structural heart disease; TIA = transient ischaemic attack All continuous variables presented as median + interquartile range, unless stated otherwise. Group
1 = both biomarkers normal, group 2 = pathological sST2, group 3 = pathological NTproBNP, group 4 = both biomarkers pathological. * HFrEF: EF<40% and HF symptoms. 1
HFmrEF: EF 40-49%, HF symptoms, pathological NTproBNP, diastolic dysfunction. £ HFpEF: EF 250%, HF symptoms, pathological NTproBNP, diastolic dysfunction

Cardiovascular Medicine - PDF of the online version - www.cardiovascmed.ch

Published under the copyright license “Attribution — Non-Commercial — No Derivatives 4.0".
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 5 of 9



Original article

Cardiovasc Med. 2021;24:w10045

Table 3: Comparison of laboratory and echocardiographic variables in the four biomarker groups

Variable Group 1 Group 2 p-value Group 3 Group 4 p-value P-value
Normal sST2, Pathol. sST2, Gr.1-2 Normal sST2, Pathol. sST2, Gr.3-4 Gr.2-4
normal NTproBNP normal NTproBNP pathol. NT-proBNP pathol. NTproBNP
(n=91) (n=41) (n=97) (n =68)
Laboratory results
Hb (g/l, mean + SD) 139.1 (£14.4) 137.8 (£15.2) 0.712 131.9 (£15.1) 128.3 (+18.3) 0.198 0.009
Anaemia (Hb <130 g/l) 9 (11.7%) 8 (21.6%) 0.250 21(26.9% 23 (39.7%) 0.275 0.034
GFR CKD-EPI (ml/min) 88.0 (+20.2) 78.8 (+30.5) 0.018 68.8 (+31.5) 63.3 (+42.8) 0.053 0.004
Creatinine (umol/l) 71.5 (+20.3) 81.0 (+23.0) 0.002 81.5 (£32.0) 95.0 (+68.0) 0.017 0.047
CKD grade Ill (eGFR 9 (10.3%) 5(12.8%) 0.027 25 (27.2%) 18 (26.9%) 0.095 0.002
30-60 ml/min)
CKD grade IV (eGFR 0 (0%) 3(7.7%) 0.027 5 (5.4%) 11 (16.4%) 0.095 0.002
<30 ml/min)
GPT/ALT (U/1) 21.5 (x13.3) 28.0 (+27.8) 0.389 19.0 (£14.0) 19.0 (£13.0) 0.375 0.384
GOT/AST (U/) 18.0 (+8.3) 21.5 (£19.3) 0.162 21.0 (+6.0) 22.0 (+15.0) 0.503 0.855
CRP (mg/l) 0.6 (+2.2) 1.2 (+4.6) 0.435 2.2 (+5.5) 5.5 (+13.2) 0.008 0.001
Leucocytes (G/ul) 6.4 (+1.8) 5.9 (+2.8) 0.730 6.7 (+2.4) 6.5 (+2.9) 0.790 0.338
LDH (U/1) 167.0 (+55.0) 166.0 (+31.0) 0.922 211.0(1£98.3) 206.0 (+89.0) 0.492 0.048
LDL (mmol/l) 2.8 (+1.4) 2.3 (+1.1) 0.038 2.5 (+1.8) 2.2 (+1.2) 0.581 0.514
Echocardiography
LVEF (%) 63.7 (+11.2) 63.0 (+8.0) 0.476 58.0 (+20.0) 53.3 (+22.3) 0.022 <0.001
Normal LV function (EF 83 (92.2%) 36 (92.3%) 0.789 68 (71.6%) 41 (62.1%) 0.091 <0.001
250%)
Moderate LV function 6 (6.7%) 3 (7.7%) 0.789 23 (24.2%) 16 (24.2%) 0.091 <0.001
(EF 30-50%)
Poor LV function (EF 1(1.1%) 0 (0%) 0.789 4 (4.2%) 9 (13.6%) 0.091 <0.001
<30%)
LV EDVi (ml/m?) 52.1 (+21.7) 56.0 (+21.4) 0.578 60.0 (+28.7) 60.4 (£35.2) 0.304 0.512
Diastolic dysfunction 20 (29%) 10 (30.3%) 0.891 40 (81.6%) 31(81.6%) 0.995 <0.001
LAVi (ml/m2) 32.9 (+11.3) 33.5 (+13.8) 0.680 49.2 (+21.0) 49.6 (+22.0) 0.846 <0.001
Normal RV function 74 (92.5%) 29 (90.6%) 0.742 67 (78.8%) 36 (64.3%) 0.057 0.001
(FAC 235%)
RV/RA P-gradient (mm 22.3 (+8.3) 22.1 (+8.0) 0.681 26.6 (+12.6) 31.0 (+11.2) 0.330 0.001
Hg)

CKD = chronic kidney disease; CRP = C-reactive protein; (¢)GFR = (estimated) glomerular filtration rate; EPI = Chronic Kidney Disease Epidemiology Collaboration; GOLD =
Global Initiative for Chronic Obstructive Lung Disease; GOT/AST = glutamic oxaloacetic transaminase / aspartate aminotransferase; GPT/ALT = glutamic pyruvic transaminase
/ alanine aminotransferase; Hb = haemoglobin; LAVi = left atrial volume index; LDH = lactate dehydrogenase; LDL = low-density lipoprotein; LV = left ventricular; LV EDVi = left
ventricular end-diastolic volume index; LVEF = left ventricular ejection fraction; RV =right ventricular; RV/RA P-gradient = right ventricular to right atrial pressure gradient; SD =
standard deviation All continuous variables presented as median + interquartile range, unless stated otherwise. Group 1 = both biomarkers normal, group 2 = pathological sST2,

group 3 = pathological NTproBNP, group 4 = both biomarkers pathological.

Table 4: Linear correlations between NTproBNP, sST2 and other variables.

Variable Spearman’s correlation with NTproB- p-value (NTproBNP) Spearman’s correlation with sST2 (R p-value
NP (R coefficient) coefficient) (sST2)
LAVi 0.651 <0.001 0.199 <0.001
EuroScore Il 0.622 <0.001 0.280 <0.001
GFR -0.591 <0.001 -0.259 <0.001
Age 0.531 <0.001 0.179 0.002
RV/RA P-gradient 0.526 <0.001 0.196 0.006
CRP 0.408 <0.001 0.248 <0.001
Creatinine 0.407 <0.001 0.334 <0.001
Hb -0.392 <0.001 -0.098* 0.123
LVEF -0.375 <0.001 -0.159 0.007
HR 0.304 <0.001 0.173 0.003
RV FAC 0.247 <0.001 0.213 <0.001
GPT/ALT -0.201 0.027 0.095* 0.301
LV EDVi 0.145 0.015 0.024* 0.686
GOT/AST 0.120* 0.248 0.196* 0.059
MAP -0.114* 0.054 -0.056 * 0.347
Leucocytes 0.100* 0.116 0.060* 0.348
LDL 0.062* 0.484 -0.161* 0.070
BMI 0.006* 0.917 0.024* 0.681

BMI = body mass index; CRP = C-reactive protein; Hb = haemoglobin; HR = heart rate; LAVi = left atrial volume index; LV EDVi = left ventricular end-diastolic volume index;
LVEF = left ventricular ejection fraction; MAP = mean arterial pressure; RV = right ventricular; RV/RA P-gradient = right ventricular to right atrial pressure gradient * non-significant
correlation, p >0.05
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many patients this cut-off level is substantially lower than
the age- and gender-adjusted upper limit of normal. There-
fore, studies focusing on the prognostic significance of
sST2 in acute heart failure have been using higher sST2
values as cut-off for risk stratification [35]. If the 35 ng/
ml cut-off value had been used in our study, the group
with isolated sST2 elevation would have been even larger
(19.9% vs 13.8% of all participants), but there would have
been no difference regarding vascular disease in this group
compared with those with no elevation of biomarkers. In
addition, when using the cut-off of 35 ng/ml, 8% of pa-
tients with no diagnosed cardiac disease, signs or symp-
toms would have showed pathological sST2 levels, com-
pared with 3% when using age- and gender-adjusted
cut-off values. This study’s data underline the necessity
of using the age- and gender-adjusted 97th percentile as
sST2’s upper limit of normal when measuring sST2 in a
heterogeneous, out-patient population for mere diagnostic
purposes. Alternatively, one could argue that measuring
sST2 in a partly healthy population is inefficient on the
whole and does not lead to significant prognostic or diag-
nostic conclusions [36].

Limitations

In this study we used a bedside test instead of an ELISA
method for measuring sST2, with a coefficient of variation
that has been reported higher for bedside testing than that
typically expected for an immunoassay test. Since we did
not use both test methods and compare the respective re-
sults, we cannot exclude an influence of the test method
used on sST2 levels and thus the distribution of our groups.
Further comparison between the two test methods is nec-
essary to understand relevant differences. Both diagnostic
tests, however, rely on the same method of detecting sST2
via an enzyme-linked immunosorbent assay. The develop-
ment of alternative testing methods is necessary to truly in-
terpret sST2 plasma concentrations and their relevance.

Table 5: Linear and multiple regression between sST2 and linear variables.

In order to characterise our population by a well-known
risk model combining several clinical important variables,
we have calculated EuroScore II risk for each participant.
Seeing that this risk model was developed and validated
for the calculation of mortality risk after cardiac surgery,
the significance of its interpretation in this population may
be limited.

This study was not designed to collect any follow-up data,
hence the prognostic value of sST2 compared with NT-
proBNP could not be evaluated.

Because of the study design, calculation of the predictive
significance of categorical variables on sST2 levels was
not practicable. This could be subject of further studies.

Conclusion

In an all-comer cardiology outpatient clinic, the added clin-
ical value of sST2 measurements in addition to NTproBNP
was limited. Elevated sST2 levels corroborated clinical
signs of heart failure in patients with elevated NTproBNP.
However, a surprisingly high number of participants
showed isolated elevation of sST2 levels, pointing to an
additional pathway of sST2 elevation independent of heart
failure. Although measuring sST2 in addition to NTproB-
NP may be helpful in patients with uncertain signs of heart
failure or in patients with confounding factors for the el-
evation of NTproBNP, routine measurement of sST2 in a
general cardiology population cannot be promoted based
on this study.
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Linear univariate regression with sST2 Multiple regression between sST2 and variables with statisti-
cally significant univariate linear regression (Adjusted R? =
0.264)

Variable Unstandardised coefficient R? 95% CI p-value Unstandardised coefficient 95% ClI p-value
Euro Score Il 2.978 0.051 1.458, 4.498 <0.001 0.838 -1.703, 3.379 0.515
RV FAC -0.611 0.042 -0.986, -0.236 0.002 -0.299 -0.886, 0.289 0.316
CRP 0.519 0.038 0.139, 0.899 0.008 0.611 0.013, 1.208 0.045
Hb -0.494 0.054 -0.751, -0.236 <0.001 0.019 -0.389, 0.427 0.926
LAVi 0.387 0.078 0.225, 0.548 <0.001 0.517 0.174, 0.859 0.003
GFR CKD-EPI -0.386 0.063 -0.560, -0.212 <0.001 -0.121 -0.737, 0.494 0.697
HR 0.368 0.036 0.148, 0.589 0.001 -0.016 -0.437, 0.405 0.940
LVEF -0.354 0.022 -0.626, -0.083 0.011 -0.136 -0.632, 0.360 0.588
Age 0.27 0.015 0.016, 0.524 0.037 -0.233 -0.778, 0.311 0.398
Creatinine 0.183 0.082 0.111, 0.254 <0.001 0.070 -0.130, 0.271 0.490
LDL -2.25 0.013 -5.688, 1.189 0.198

Leucocytes 1.808 0.011 -0.331, 3.947 0.097

BMI 0.691 0.011 -0.059, 1.440 0.071

GOT/AST (UN) 0.666 0.029 -0.019, 1.35 0.056

RV/RA P-gradient 0.182 0.006 -0.139, 0.503 0.265

MAP -0.179 0.007 -0.422, 0.063 0.146

GPT/ALT (U11) 0.145 0.003 -0.365, 0.654 0.575

LV EDVi 0.08 0.006 -0.039, 0.200 0.188

BMI = body mass index; Cl = confidence interval; CKD = chronic kidney disease; CRP = C-reactive protein; Hb = haemoglobin; HR = heart rate; LAVi = left atrial volume index;
LV EDVi = left ventricular end-diastolic volume index; LVEF = left ventricular ejection fraction; MAP = mean arterial pressure; RV = right ventricular; RV/RA P-gradient = right
ventricular to right atrial pressure gradient

Cardiovascular Medicine - PDF of the online version - www.cardiovascmed.ch

Published under the copyright license “Attribution — Non-Commercial — No Derivatives 4.0".
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 7 of 9



Original article

Cardiovasc Med. 2021;24:w10045

PB and CA by Ruwag Handels AG, Bettlach for a presentation on this
subject in September 2018.

References

1

Maisel AS, Krishnaswamy P, Nowak RM, McCord J, Hollander JE, Duc
P, et al.; Breathing Not Properly Multinational Study Investigators.
Rapid measurement of B-type natriuretic peptide in the emergency diag-
nosis of heart failure. N Engl J Med. 2002;347(3):161-7. doi:
http://dx.doi.org/10.1056/NEJM0a020233. PubMed.

Januzzi JL, van Kimmenade R, Lainchbury J, Bayes-Genis A, Ordonez-
Llanos J, Santalo-Bel M, et al. NT-proBNP testing for diagnosis and
short-term prognosis in acute destabilized heart failure: an international
pooled analysis of 1256 patients: the International Collaborative of NT-
proBNP Study. Eur Heart J. 2006;27(3):330-7. doi: http://dx.doi.org/
10.1093/eurheartj/ehi631. PubMed.

Bettencourt P, Azevedo A, Pimenta J, Frides F, Ferreira S, Ferreira A.
N-terminal-pro-brain natriuretic peptide predicts outcome after hospital
discharge in heart failure patients. Circulation. 2004;110(15):2168-74.
doi: http://dx.doi.org/10.1161/01.CIR.0000144310.04433.BE. PubMed.
Hartmann F, Packer M, Coats AJ, Fowler MB, Krum H, Mohacsi P, et
al. Prognostic impact of plasma N-terminal pro-brain natriuretic peptide
in severe chronic congestive heart failure: a substudy of the Carvedilol
Prospective Randomized Cumulative Survival (COPERNICUS) trial.
Circulation. 2004;110(13):1780-6. doi: http://dx.doi.org/10.1161/
01.CIR.0000143059.68996.A7. PubMed.

Nishimura M, Brann A, Chang KW, Maisel AS. The Confounding Ef-
fects of Non-cardiac Pathologies on the Interpretation of Cardiac Bio-
markers. Curr Heart Fail Rep. 2018;15(4):239-49. doi: http://dx.doi.org/
10.1007/s11897-018-0398-4. PubMed.

Srisawasdi P, Vanavanan S, Charoenpanichkit C, Kroll MH. The effect
of renal dysfunction on BNP, NT-proBNP, and their ratio. Am J Clin
Pathol. 2010;133(1):14-23. doi: http://dx.doi.org/10.1309/
AJCP60HTPGIGFCNK. PubMed.

Mehra MR, Uber PA, Park MH, Scott RL, Ventura HO, Harris BC, et al.
Obesity and suppressed B-type natriuretic peptide levels in heart failure.
J Am Coll Cardiol. 2004;43(9):1590-5. doi: http://dx.doi.org/10.1016/
jjacc.2003.10.066. PubMed.

Corell P, Gustafsson F, Kistorp C, Madsen LH, Schou M, Hildebrandt
P. Effect of atrial fibrillation on plasma NT-proBNP in chronic heart
failure. Int J Cardiol. 2007;117(3):395-402. doi: http://dx.doi.org/
10.1016/j.ijcard.2006.03.084. PubMed.

Bayes-Genis A, Zamora E, de Antonio M, Galan A, Vila J, Urrutia A, et
al. Soluble ST2 serum concentration and renal function in heart failure. J
Card Fail. 2013;19(11):768-75. doi: http://dx.doi.org/10.1016/j.card-
fail.2013.09.005. PubMed.

Maisel AS, Di Somma S. Do we need another heart failure biomarker:
focus on soluble suppression of tumorigenicity 2 (sST2). Eur Heart J.
2017;38(30):2325-33. doi: http://dx.doi.org/10.1093/eurheartj/ehw462.
PubMed.

Seki K, Sanada S, Kudinova AY, Steinhauser ML, Handa V, Gannon J,
et al. Interleukin-33 prevents apoptosis and improves survival after ex-
perimental myocardial infarction through ST2 signaling. Circ Heart Fail.
2009;2(6):684-91. doi: http://dx.doi.org/10.1161/CIRCHEARTFAIL-
URE.109.873240. PubMed.

O’Meara E, Prescott MF, Claggett B, Rouleau JL, Chiang LM, Solomon
SD, et al. Independent Prognostic Value of Serum Soluble ST2 Measure-
ments in Patients With Heart Failure and a Reduced Ejection Fraction in
the PARADIGM-HF Trial (Prospective Comparison of ARNI With
ACEI to Determine Impact on Global Mortality and Morbidity in Heart
Failure). Circ Heart Fail. 2018;11(5):. doi: http://dx.doi.org/10.1161/
CIRCHEARTFAILURE.117.004446. PubMed.

Sanada S, Hakuno D, Higgins LJ, Schreiter ER, McKenzie AN, Lee RT.
IL-33 and ST2 comprise a critical biomechanically induced and cardio-
protective signaling system. J Clin Invest. 2007;117(6):1538—49. doi:
http://dx.doi.org/10.1172/JCI30634. PubMed.

Januzzi JL, Jr, Peacock WF, Maisel AS, Chae CU, Jesse RL, Baggish
AL, et al. Measurement of the interleukin family member ST2 in pa-
tients with acute dyspnea: results from the PRIDE (Pro-Brain Natriuretic
Peptide Investigation of Dyspnea in the Emergency Department) study.
J Am Coll Cardiol. 2007;50(7):607—13. doi: http://dx.doi.org/10.1016/
jjacc.2007.05.014. PubMed.

de Boer RA, Daniels LB, Maisel AS, Januzzi JL, Jr. State of the Art:
Newer biomarkers in heart failure. Eur J Heart Fail. 2015;17(6):559-69.
doi: http://dx.doi.org/10.1002/ejhf.273. PubMed.

Aimo A, Vergaro G, Passino C, Ripoli A, Ky B, Miller WL, et al. Prog-
nostic Value of Soluble Suppression of Tumorigenicity-2 in Chronic
Heart Failure: A Meta-Analysis. JACC Heart Fail. 2017;5(4):280-6.
doi: http://dx.doi.org/10.1016/j.jchf.2016.09.010. PubMed.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Broch K, Ueland T, Nymo SH, Kjekshus J, Hulthe J, Muntendam P, et
al. Soluble ST2 is associated with adverse outcome in patients with heart
failure of ischaemic aetiology. Eur J Heart Fail. 2012;14(3):268-77. doi:
http://dx.doi.org/10.1093/eurjhf/hfs006. PubMed.

Shah RV, Chen-Tournoux AA, Picard MH, van Kimmenade RR, Januzzi
JL. Serum levels of the interleukin-1 receptor family member ST2, car-
diac structure and function, and long-term mortality in patients with
acute dyspnea. Circ Heart Fail. 2009;2(4):311-9. doi: http://dx.doi.org/
10.1161/CIRCHEARTFAILURE.108.833707. PubMed.
Manzano-Fernandez S, Mueller T, Pascual-Figal D, Truong QA, Januzzi
JL. Usefulness of soluble concentrations of interleukin family member
ST2 as predictor of mortality in patients with acutely decompensated
heart failure relative to left ventricular ejection fraction. Am J Cardiol.
2011;107(2):259-67. doi: http://dx.doi.org/10.1016/j.amj-
card.2010.09.011. PubMed.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L,
et al. Recommendations for cardiac chamber quantification by echocar-
diography in adults: an update from the American Society of Echocar-
diography and the European Association of Cardiovascular Imaging. J
Am Soc Echocardiogr. 2015;28(1):1-39.¢14. doi: http://dx.doi.org/
10.1016/j.ech0.2014.10.003. PubMed.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS,
et al. 2016 ESC Guidelines for the Diagnosis and Treatment of Acute
and Chronic Heart Failure. Rev Esp Cardiol (Engl Ed).
2016;69(12):1167. doi: http://dx.doi.org/10.1016/j.rec.2016.11.005.
PubMed.

Lu J, Snider JV, Grenache DG. Establishment of reference intervals for
soluble ST2 from a United States population. Clin Chim Acta.
2010;411(21-22):1825-6. doi: http://dx.doi.org/10.1016/
j.cca.2010.07.014. PubMed.

Ky B, French B, McCloskey K, Rame JE, McIntosh E, Shahi P, et al.
High-sensitivity ST2 for prediction of adverse outcomes in chronic heart
failure. Circ Heart Fail. 2011;4(2):180-7. doi: http://dx.doi.org/10.1161/
CIRCHEARTFAILURE.110.958223. PubMed.

Coglianese EE, Larson MG, Vasan RS, Ho JE, Ghorbani A, McCabe
EL, et al. Distribution and clinical correlates of the interleukin receptor
family member soluble ST2 in the Framingham Heart Study. Clin
Chem. 2012;58(12):1673-81. doi: http://dx.doi.org/10.1373/
clinchem.2012.192153. PubMed.

Biaggi P, Ammann C, Imperiali M, Hammerer-Lercher A, Breidthardt
T, Miiller C, et al. Soluble ST2 - a new biomarker in heart failure. Car-
diovasc Med. 2019;22. doi: http://dx.doi.org/10.4414/cvm.2019.02008.
Hu X, Zhang H, Song Y, Yang Q, Zhuang L, Jin G, et al. Soluble ST2 is
associated with increased carotid intima-media thickness in patients with
type 2 diabetes mellitus: A case-control study. Medicine (Baltimore).
2020;99(5):. doi: http://dx.doi.org/10.1097/MD.0000000000018940.
PubMed.

Somuncu MU, Kalayci B, Avci A, Akgun T, Karakurt H, Demir AR, et
al. Predicting long-term cardiovascular outcomes of patients with acute
myocardial infarction using soluble ST2. Horm Mol Biol Clin Investig.
2020;41(2). doi: http://dx.doi.org/10.1515/hmbci-2019-0062. PubMed.
Somuncu MU, Akgun T, Cakir MO, Akgul F, Serbest NG, Karakurt H,
et al. The Elevated Soluble ST2 Predicts No-Reflow Phenomenon in ST-
Elevation Myocardial Infarction Undergoing Primary Percutaneous
Coronary Intervention. J Atheroscler Thromb. 2019;26(11):970-8. doi:
http://dx.doi.org/10.5551/jat.48413. PubMed.

Parikh RH, Seliger SL, Christenson R, Gottdiener JS, Psaty BM, deFil-
ippi CR. Soluble ST2 for Prediction of Heart Failure and Cardiovascular
Death in an Elderly, Community-Dwelling Population. ] Am Heart As-
soc. 2016;5(8):. doi: http://dx.doi.org/10.1161/JAHA.115.003188.
PubMed.

Miller AM, Purves D, McConnachie A, Asquith DL, Batty GD, Burns
H, et al. Soluble ST2 associates with diabetes but not established cardio-
vascular risk factors: a new inflammatory pathway of relevance to dia-
betes? PLoS One. 2012;7(10):. doi: http://dx.doi.org/10.1371/jour-
nal.pone.0047830. PubMed.

Bartunek J, Delrue L, Van Durme F, Muller O, Casselman F, De Wiest
B, et al. Nonmyocardial production of ST2 protein in human hypertro-
phy and failure is related to diastolic load. ] Am Coll Cardiol.
2008;52(25):2166—74. doi: http://dx.doi.org/10.1016/
j-jacc.2008.09.027. PubMed.

Anand IS, Latini R, Florea VG, Kuskowski MA, Rector T, Masson S, et
al.; Val-HeFT Investigators. C-reactive protein in heart failure: prognos-
tic value and the effect of valsartan. Circulation. 2005;112(10):1428-34.
doi: http://dx.doi.org/10.1161/CIRCULATIONAHA.104.508465.
PubMed.

Laqqan M, Schwaighofer C, Graeber S, Raedle-Hurst T. Predictive val-
ue of soluble ST2 in adolescent and adult patients with complex congen-

Cardiovascular Medicine - PDF of the online version - www.cardiovascmed.ch

Published under the copyright license “Attribution — Non-Commercial — No Derivatives 4.0".
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 8 of 9


http://dx.doi.org/10.1056/NEJMoa020233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12124404&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehi631
http://dx.doi.org/10.1093/eurheartj/ehi631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16293638&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000144310.04433.BE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15451800&dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.0000143059.68996.A7
http://dx.doi.org/10.1161/01.CIR.0000143059.68996.A7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15381643&dopt=Abstract
http://dx.doi.org/10.1007/s11897-018-0398-4
http://dx.doi.org/10.1007/s11897-018-0398-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29987498&dopt=Abstract
http://dx.doi.org/10.1309/AJCP60HTPGIGFCNK
http://dx.doi.org/10.1309/AJCP60HTPGIGFCNK
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20023254&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2003.10.066
http://dx.doi.org/10.1016/j.jacc.2003.10.066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15120816&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2006.03.084
http://dx.doi.org/10.1016/j.ijcard.2006.03.084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16919342&dopt=Abstract
http://dx.doi.org/10.1016/j.cardfail.2013.09.005
http://dx.doi.org/10.1016/j.cardfail.2013.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24263122&dopt=Abstract
http://dx.doi.org/10.1093/eurheartj/ehw462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28028009&dopt=Abstract
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.873240
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.873240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19919994&dopt=Abstract
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.117.004446
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.117.004446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29748349&dopt=Abstract
http://dx.doi.org/10.1172/JCI30634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17492053&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2007.05.014
http://dx.doi.org/10.1016/j.jacc.2007.05.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17692745&dopt=Abstract
http://dx.doi.org/10.1002/ejhf.273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25880523&dopt=Abstract
http://dx.doi.org/10.1016/j.jchf.2016.09.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27816512&dopt=Abstract
http://dx.doi.org/10.1093/eurjhf/hfs006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22302661&dopt=Abstract
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.108.833707
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.108.833707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19808354&dopt=Abstract
http://dx.doi.org/10.1016/j.amjcard.2010.09.011
http://dx.doi.org/10.1016/j.amjcard.2010.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21211603&dopt=Abstract
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://dx.doi.org/10.1016/j.echo.2014.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25559473&dopt=Abstract
http://dx.doi.org/10.1016/j.rec.2016.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27894487&dopt=Abstract
http://dx.doi.org/10.1016/j.cca.2010.07.014
http://dx.doi.org/10.1016/j.cca.2010.07.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20654603&dopt=Abstract
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.110.958223
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.110.958223
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21178018&dopt=Abstract
http://dx.doi.org/10.1373/clinchem.2012.192153
http://dx.doi.org/10.1373/clinchem.2012.192153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23065477&dopt=Abstract
http://dx.doi.org/10.4414/cvm.2019.02008
http://dx.doi.org/10.1097/MD.0000000000018940
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32000412&dopt=Abstract
http://dx.doi.org/10.1515/hmbci-2019-0062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32112700&dopt=Abstract
http://dx.doi.org/10.5551/jat.48413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30996145&dopt=Abstract
http://dx.doi.org/10.1161/JAHA.115.003188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27481133&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0047830
http://dx.doi.org/10.1371/journal.pone.0047830
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23112853&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2008.09.027
http://dx.doi.org/10.1016/j.jacc.2008.09.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19095135&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.508465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16129801&dopt=Abstract

Original article

Cardiovasc Med. 2021;24:w10045

34

35

ital heart disease. PLoS One. 2018;13(8):. doi: http:/dx.doi.org/10.1371/
journal.pone.0202406. PubMed.

Skali H, Gerwien R, Meyer TE, Snider JV, Solomon SD, Stolen CM.
Soluble ST2 and Risk of Arrhythmias, Heart Failure, or Death in Pa-
tients with Mildly Symptomatic Heart Failure: Results from MADIT-
CRT. J Cardiovasc Transl Res. 2016;9(5-6):421-8. doi: http://dx.doi.org/
10.1007/812265-016-9713-1. PubMed.

Tang WH, Wu Y, Grodin JL, Hsu AP, Hernandez AF, Butler J, et al.
Prognostic Value of Baseline and Changes in Circulating Soluble ST2
Levels and the Effects of Nesiritide in Acute Decompensated Heart Fail-

36

ure. JACC Heart Fail. 2016;4(1):68-77. doi: http://dx.doi.org/10.1016/
j.jchf.2015.07.015. PubMed.

Hughes MF, Appelbaum S, Havulinna AS, Jagodzinski A, Zeller T, Kee
F, et al.; FINRISK and BiomarCaRE investigators. ST2 may not be a
useful predictor for incident cardiovascular events, heart failure and
mortality. Heart. 2014;100(21):1715-21. doi: http://dx.doi.org/10.1136/
heartjnl-2014-305968. PubMed.

Cardiovascular Medicine - PDF of the online version - www.cardiovascmed.ch

Published under the copyright license “Attribution — Non-Commercial — No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 9 of 9


http://dx.doi.org/10.1371/journal.pone.0202406
http://dx.doi.org/10.1371/journal.pone.0202406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30118521&dopt=Abstract
http://dx.doi.org/10.1007/s12265-016-9713-1
http://dx.doi.org/10.1007/s12265-016-9713-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27798759&dopt=Abstract
http://dx.doi.org/10.1016/j.jchf.2015.07.015
http://dx.doi.org/10.1016/j.jchf.2015.07.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26656144&dopt=Abstract
http://dx.doi.org/10.1136/heartjnl-2014-305968
http://dx.doi.org/10.1136/heartjnl-2014-305968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25080471&dopt=Abstract

